a2 United States Patent

Kim et al.

US007728422B2

US 7,728,422 B2
Jun. 1, 2010

(10) Patent No.:
(45) Date of Patent:

(54) SEMICONDUCTOR PACKAGE, INTEGRATED
CIRCUIT CARDS INCORPORATING THE
SEMICONDUCTOR PACKAGE, AND
METHOD OF MANUFACTURING THE SAME

(75) Inventors: Donghan Kim, Gyenggi-do (KR);
Kiwon Choi, Gyenggi-do (KR)

(73) Assignee: Samsung Electronics Co., Ltd.,
Maetan-dong, Yeongtong-gu, Suwon-si,
Gyeonggi-do (KR)

(*) Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35

U.S.C. 154(b) by 63 days.

(21) Appl. No.: 11/959,276

(22) Filed: Dec. 18, 2007

(65) Prior Publication Data
US 2008/0197479 Al Aug. 21, 2008

(30) Foreign Application Priority Data
Feb. 21,2007  (KR) .ccoevveirnennn 10-2007-0017537

(51) Imt.ClL
HOIL 23/04 (2006.01)

(52) US.CL ..o 257/698; 257/678; 257/679;
257/690; 257/773; 257/778; 257/E23.039;
257/E23.065; 257/E23.067; 257/E23.176;

257/E21.503

(58) Field of Classification Search ................. 257/698,
257/678-733, 787-796, E23.001-E23.194

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS
6,028,774 A 2/2000 Shin et al.

6,288,905 Bl

6,365,963 Bl *
2005/0161783 Al
2005/0189623 Al
2006/0091511 Al
2006/0261456 Al
2006/0292752 Al

9/2001 Chung
4/2002 Shimada .......c.cccuvveenns 257/686
7/2005 Hashimoto
9/2005 Akram et al.
5/2006 Kim et al.
11/2006 Steffen
12/2006 Connell et al.

FOREIGN PATENT DOCUMENTS

JP 07-276871 10/1995
KR 1998-043253 9/1998
OTHER PUBLICATIONS

English language abstract of Japanese Publication No. 07-276871.
English language abstract of Korean Publication No. 1998-043253.

* cited by examiner

Primary Examiner—Jasmine J Clark
(74) Attorney, Agent, or Firm—Muir Patent Consulting,
PLLC

(57) ABSTRACT

One embodiment of a semiconductor package described
herein includes a substrate having a first through-hole extend-
ing therethrough; a conductive pattern overlying the substrate
and extending over the first through-hole; a first semiconduc-
tor chip facing the conductive pattern such that at least a
portion of the first semiconductor chip is disposed within the
first through-hole; and a first external contact terminal within
the first through-hole and electrically connecting the conduc-
tive pattern to the first semiconductor chip.

24 Claims, 13 Drawing Sheets
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FIG. 1 (CONVENTIONAL ART)
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FIG. 3A
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FIG. 10A
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SEMICONDUCTOR PACKAGE, INTEGRATED
CIRCUIT CARDS INCORPORATING THE
SEMICONDUCTOR PACKAGE, AND
METHOD OF MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

This application claims priority under 35 USC §119 to
Korean Patent Application No. 10-2007-0017537, filed on
Feb. 21, 2007 in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein in its entirety by
reference

BACKGROUND

1. Field of Invention

Embodiments of the present invention generally relate to
semiconductor packages, electronic system such as inte-
grated circuit (IC) cards incorporating semiconductor pack-
ages, and methods of manufacturing the same. More particu-
larly, embodiments of the present invention relate to
semiconductor packages that increase contact area between a
surface of the semiconductor package and an opposing sur-
face of a card body and methods of manufacturing the same.
Other embodiments of the present invention relate to semi-
conductor packages having reduced thicknesses and methods
of manufacturing the same.

2. Description of the Related Art

A chip-on-board (COB) type semiconductor package is
typically used to manufacture IC cards, e.g., smart cards. The
IC cards are commonly used nowadays in various applica-
tions, replacing magnetic cards.

Referring to FIG. 1, the COB type semiconductor package
includes a semiconductor chip 3 attached to a top surface of a
semiconductor package substrate 4. An active surface 3a of
the semiconductor chip 3 is electrically connected to a metal
layer 5 disposed on another surface of the semiconductor
package substrate 4 opposite the top surface, using bonding
wires 6 that extend through wire holes 4a defined in the
semiconductor package substrate 4. The bonding wires 6 are
generally needed as the active surface 3a is disposed over the
top surface of the semiconductor package substrate 4, oppo-
site to the surface on which the metal layer 5 is disposed. The
COB type semiconductor package is coupled to a card body 2
using an adhesive (not shown) between a surface 1a of the
COB type semiconductor package and an opposing surface of
the card body 2. In particular, the COB type semiconductor
package is disposed within a cavity 2a defined in the card
body 2.

The bonding wires 6 inevitably protrude from the active
surface 3a of the semiconductor chip 3 to a certain height,
thereby forming a loop where the wires 6 extend away from
the active surface 3a and then bend toward the metal layer 5.
An encapsulant 9 is also provided so as to encapsulate the
wires 6. A sufficient amount of encapsulant 9 must be, there-
fore, provided to protect the wires 6 from the external envi-
ronment. Accordingly, the encapsulant 9 creates a relatively
large molding region “B”, leaving a relatively small bonding
region “A” where the surface 1a of the semiconductor pack-
age and an opposing surface of the card body 2 can be bonded
to each other. Furthermore, because the bonding wires 6 need
to be formed on both sides of the semiconductor chip 3, the
length ofthe molding region “B” is additionally increased and
the length ofthe bonding region A is further reduced while the
total length of the available package system is limited.
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Ithas been also discovered that edges of the substrate 4 tend
to deform during manufacturing of the COB type semicon-
ductor package. Thus, because the bonding region “A” is
relatively small with the conventional system, the substrate 4
tends to separate from the card body 2 and the resulting IC
card can be easily damaged or broken.

These problems can become more severe as the size of the
semiconductor chip 3 increases and the package system or the
IC card is subject to a harsher environment.

FIG. 2 is a cross-sectional view of another conventional
package system to solve the above discussed problems.

Referring to FIG. 2, a conventional package system can be
provided as a flip-chip-type COB package system. As shown
in FIG. 2, an IC card includes a card body 12 having a cavity
124a defined therein. A semiconductor chip 13 attached to a
semiconductor package substrate 14 to form a flip-chip-type
COB semiconductor package. In the flip-chip-type COB
semiconductor package, the active surface 13a of the semi-
conductor chip 13 is electrically connected to a metal layer
15, using conductive bumps 18 which are coupled to inter-
mediate metal layers 17. In turn, the intermediate metal layers
17 are electrically connected to metal layers 15 by conductive
vias 16 that extend through the package substrate 14. The
semiconductor package is bonded to the card body 2 using an
adhesive (not shown) between a surface 11a of the flip-chip-
type COB semiconductor package and an opposing surface of
the card body 2.

The conductive bumps 18 protrude from the surface of the
semiconductor chip 13 away from a bottom surface of the
cavity 124 and an encapsulant 19 is provided so as to encap-
sulate the conductive bumps 18. However, a sufficient amount
of'the encapsulant 19 must also be provided to adequately fix
the semiconductor chip 13 to the intermediate metal layers 17
and the substrate 14.

Accordingly, the encapsulant 19 maintains a relatively
large molding region “B”, leaving a relatively small bonding
region “A” where an adhesive can be applied between the
surface 11a of the semiconductor package and an opposing
surface of the card body 12. The substrate 14 or the semicon-
ductor package also tends to separate from the card body 12 as
in the IC card discussed in FIG. 1. Moreover, the presence of
the intermediate metal layers 17 tends to increase the overall
thickness “T” of the flip chip type COB semiconductor pack-
age system and increase the cost and complexity of manufac-
turing the flip-chip-type COB package system. Thus, even
with the package system discussed with respect to FIG. 2, the
above discussed problems are not sufficiently solved.

The present invention addresses these and other disadvan-
tages of the conventional art.

SUMMARY

One embodiment of the present invention can be exemplar-
ily characterized as a semiconductor package that includes a
substrate comprising an upper surface, a lower surface oppo-
site the upper surface and a first through-hole extending from
the upper surface to the lower surface; a conductive pattern on
the upper surface of the substrate and extending over the first
through-hole; a first semiconductor chip facing the conduc-
tive pattern, at least a portion of the first semiconductor chip
being disposed within the first through-hole; and a first exter-
nal contact terminal within the first through-hole and electri-
cally connecting the conductive pattern to the first semicon-
ductor chip.

Another embodiment of the present invention can be exem-
plarily characterized as a method of forming a semiconductor
package that includes providing a substrate comprising an
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upper surface and a lower surface opposite the upper surface;
forming a first through-hole within the substrate, the first
through-hole extending from the upper surface to the lower
surface; forming a conductive pattern on the upper surface of
the substrate, wherein the conductive pattern extends over the
first through-hole; providing at least a portion of the first
semiconductor chip within the first through-hole; and electri-
cally connecting the conductive pattern to the semiconductor
chip with a first external contact terminal located within the
first through-hole.

Yet another embodiment of the present invention can be
exemplarily characterized as a method of forming an elec-
tronic system that includes providing a substrate comprising
an upper surface and a lower surface opposite the upper
surface; forming a first through-hole within the substrate, the
first through-hole extending from the upper surface to the
lower surface; forming a conductive pattern on the upper
surface of the substrate, wherein the conductive pattern
extends over the first through-hole; providing at least a por-
tion of a first semiconductor chip within the first through-
hole; electrically connecting the conductive pattern to the
semiconductor chip with a first external contact terminal
located within the first through-hole; providing an insulating
material between the conductive pattern and the first semi-
conductor chip; and coupling the substrate to package body to
form the electronic system, wherein at least a portion of the
substrate is disposed within a recess defined within the pack-
age body.

Still another embodiment of the present invention can be
exemplarily characterized as an electronic system that
includes a semiconductor package and a package body con-
taining the semiconductor package. The semiconductor pack-
age may include a substrate comprising an upper surface, a
lower surface opposite the upper surface and a first through-
hole extending from the upper surface to the lower surface; a
conductive pattern on the upper surface of the substrate and
extending over the first through-hole; a first semiconductor
chip facing the conductive pattern, atleast a portion of the first
semiconductor chip being disposed within the first through-
hole; and a first external contact terminal within the first
through-hole and electrically connecting the conductive pat-
tern to the first semiconductor chip.

BRIEF DESCRIPTION OF THE DRAWINGS

Hereinafter, embodiments of the present invention will be
described with reference to the accompanying drawings, in
which:

FIG. 1 is a cross-sectional view of a conventional package
system coupled to with a card body to form an integrated
circuit (IC) card;

FIG. 2 is a cross-sectional view of another conventional
package system;

FIG. 3A is a cross-sectional view of a package system
according to one embodiment;

FIG. 3B is a cross-sectional view of a package system
according to another embodiment;

FIG. 4 is an exploded perspective view of one embodiment
of'a semiconductor package incorporated within the package
system shown in FIG. 3A;

FIG. 5 is an exploded perspective view cross-sectional
view of one embodiment of the package system shown in
FIG. 3A,;

FIG. 6 is flow chart describing an exemplary method of
manufacturing the package system shown in FIG. 3A;
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FIG. 7 is an exploded perspective view of another embodi-
ment of a semiconductor package incorporated within the
package system shown in FIG. 3;

FIG. 8 is an exploded perspective view of yet another
embodiment of a semiconductor package incorporated within
the package system shown in FIG. 3A;

FIG. 9A is an exploded perspective view of still another
embodiment of a semiconductor package incorporated within
the package system shown in FIG. 3A;

FIG. 9B is a cross-sectional view of a portion of the semi-
conductor package shown in FIG. 9A;

FIGS.10A-10E are cross-sectional views of some embodi-
ments of semiconductor packages;

FIG. 11 is a cross-sectional view of one embodiment of a
heterogeneous multi-chip semiconductor package;

FIG. 12 is a cross-sectional view of one embodiment of a
homogeneous multi-chip semiconductor package; and

FIGS. 13A-13E are cross-sectional views of other embodi-
ments of multi-chip semiconductor packages.

DETAILED DESCRIPTION

Exemplary embodiments of the present invention will now
be described more fully hereinafter with reference to the
accompanying drawings. These embodiments may, however,
be realized in many different forms and should not be con-
strued as being limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure will be thorough and complete, and will fully convey the
scope of the invention to those skilled in the art. In the draw-
ings, the thicknesses of layers and regions are exaggerated for
clarity. Like numbers refer to like elements throughout the
specification.

FIG. 3A is a cross-sectional view of a package system
according to one embodiment. FIG. 4 is an exploded perspec-
tive view of one embodiment of a semiconductor package
incorporated within the package system shown in FIG. 3A.
FIG. 5 is an exploded perspective view cross-sectional view
of'one embodiment of the package system shown in FIG. 3A.

Referring to FIG. 3A, an IC card or package system 200
according to one embodiment may, for example, include a
semiconductor package 20 and a card body 26.

The card body 26 may include a recess 26a defined therein.
The recess 26a is generally configured to receive the semi-
conductor package 20. In one embodiment, the recess 26a
may, for example, include a chip-receiving portion 223 con-
figured to receive the first semiconductor chip 22 and a sub-
strate-receiving portion 222 configured to receive the sub-
strate 23.

The semiconductor package 20 may, for example, include
a first semiconductor chip 22, a plurality of first external
contact terminals 21 on the first semiconductor chip 22, a
package substrate 23 and a plurality of conductive patterns 24
disposed on the package substrate 23. The semiconductor
package 20 has an adhesive surface 20a to be bonded to an
opposing surface of the card body 26, employing known
techniques such as using an adhesive. The conductive pat-
terns 24 may be formed using a conventional technique, e.g.,
forming a conductive layer on the substrate 23 and perform-
ing a photolithography to form a conductive pattern.

In one embodiment, the package substrate 23 may, for
example, include an upper surface 235, a lower surface 24c
and a first through-hole 234 extending from the upper surface
24b to the lower surface 24c¢. The plurality of conductive
patterns 24 may, for example, be provided on the upper sur-
face 235 of'the substrate 23 and extend over the first through-
hole 23a. Also, the first semiconductor chip 22 may face the
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plurality of conductive patterns 24 and at least a portion of the
first semiconductor chip 22 may be disposed within the first
through-hole 23a (e.g., as exemplarily shown in FIG. 4).

Further, the plurality of first external contact terminals 21
may electrically connect the plurality of conductive patterns
24 to the first semiconductor chip 22. The first external con-
tact terminals 21 may contact the plurality of conductive
patterns 24 within the first through-hole 23a. Because the first
external contact terminals 21 can directly contact the plurality
of conductive patterns 24, the metal layer 17 shown in FIG. 2
is not necessary in the embodiment and thus can be removed
as will be explained further below.

Because at least portion of the first semiconductor chip 22
is disposed within the first through-hole 23a, the overall
thickness “t” of the semiconductor package can be reduced
compared with conventional semiconductor packages to the
extent that the first semiconductor chip 22 is inserted or
included in the first through-hole 23a. For example, the pack-
age thickness “t” can be reduced because there is no extra
metal layer between the semiconductor chip and the conduc-
tive patterns 24, as in conventional semiconductor packages.

In one embodiment, a method of forming the semiconduc-
tor package 20 may be characterized as a method that includes
providing a substrate 23 including an upper surface and a
lower surface opposite the upper surface, forming a first
through-hole 23a within the substrate 23 and extending from
the upper surface to the lower surface, forming a conductive
pattern 24 on the upper surface of the substrate 23 so as to
extend over the first through-hole 234, providing a first semi-
conductor chip 22 within at least a portion of the first through-
hole 23a and electrically connecting the conductive pattern
24 to the semiconductor chip 22 with a first conductive inter-
connect 21 located within the first through-hole 23a. As also
exemplarily described above, a method of forming the semi-
conductor package 20 may be characterized as a method that
includes forming a plurality of first conductive interconnects
21 and a plurality of conductive patterns 24 such that the
plurality of first conductive interconnects 21 electrically con-
nects the first semiconductor chip 22 to the plurality of con-
ductive patterns 24.

As exemplarily shown in FIG. 3A, a bottom surface of the
plurality of first external contact terminals 21 may be located
between the upper surface 235 and the lower surface 23¢ of
the substrate 23.

In one aspect, in the present embodiment, the first semi-
conductor chip 22 may include an active surface 22qa that
faces toward the conductive patterns 24 as shown in, for
example, FIG. 3A. Alternatively, the active surface 22a may
face away from the conductive patterns 24. In this case, con-
ductive through vias may be formed through the semiconduc-
tor chip 22 to be connected to the conductive patterns 24 as
illustrated in, for example, FIG. 11.

In one embodiment, the plurality of first external contact
terminals 21 may be a conductive bump such as a solder
bump, a conductive ball such as a solder ball, or the like,
which are disposed on the first semiconductor chip 22. For
example, conductive bumps or conductive balls may be
formed by forming a plurality of pads on the active surface
22a of the first semiconductor chip 22, forming a passivation
layer pattern over the active surface 22a of the first semicon-
ductor chip 22 to expose at least a portion of each of the
plurality of pads, and providing a conductive material (e.g.,
lead, tin, or the like or a combination thereof) on the exposed
portion of each of the plurality of pads. Conductive bumps
may also be formed by bonding a wire to the exposed portion
of each of the plurality of pads and severing the wire at a
certain height above the pads. The plurality of first external
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contact terminals 21 may be exemplarily formed by providing
a seed layer over the active surface 22a of the first semicon-
ductor chip 22, forming a photoresist pattern over the seed
layer, patterning the seed layer, removing the photoresist
pattern and electroplating a conductive material upon the
patterned seed layer. In one embodiment, the seed layer may
include copper and have a thickness of about 0.5 um while the
conductive material may include gold.

In another embodiment, although not shown, the plurality
of first external contact terminals 21 and corresponding ones
of'the plurality of conductive patterns 24 may be provided as
a unitary structure. In such an embodiment, the plurality of
external contact terminals 21 protrude from corresponding
ones of the plurality of conductive patterns 24 so as to contact
the first semiconductor chip 22 as exemplarily shown in FIG.
3B. For example, as shown in FIG. 3B, a conductive pattern
24a may include a protrusion 21a protruding away from a
bottom surface thereof to contact the first semiconductor chip
22. In one embodiment, the conductive patterns 24a may be
formed by, for example, bending the conductive patterns 24
before attaching them to the substrate 23. It will be appreci-
ated, however, that the conductive patterns 24a may be con-
figured in any manner as desired so as to contact the first
semiconductor chip 22. For example, the conductive patterns
24a may be formed by stamping.

In addition, an insulating material 25 may be provided
between the first semiconductor chip 22 and the plurality of
conductive patterns 24. As a result, the active surface 22a,
where integrated circuits are formed, and the first external
contact terminals 21 can be covered with the insulating mate-
rial 25 and thus can be protected from the external environ-
ment. With the insulating material 25 that may be formed on
the substrate 23, the first semiconductor chip 22 can be
securely affixed to the substrate 23. The insulating material 25
may, for example, include an insulating material such as
adhesive, epoxy, an epoxy molding compound (EMC), polya-
mide resin, or the like or a combination thereof.

In one embodiment, the insulating material 25 may be
provided by injecting an insulating material into the space
defined between the first semiconductor chip 22, the substrate
23 and the conductive patterns 24.

With some embodiments of the invention described above,
it is possible to reduce the amount of the insulator material 25
onto the substrate 23 while the area of the adhesive surface
20a can be increased. In particular, the bonding region “A1”
can be increased while the molding region “B1” can be
reduced. This is particularly true as the insulating material 25
does not need to be sufficiently provided to cover intermedi-
ate metal layers as in the conventional package system shown
in FIG. 2.

Consequently, the semiconductor package 20 can be
securely coupled to the card body 26 and, therefore, the
separation of the semiconductor package 20 from the card
body 12 or the damage to the semiconductor package 20 can
be significantly reduced or inhibited.

As more clearly shown in FIG. 4, each of the plurality of
conductive patterns 24 may be configured substantially iden-
tically. For example, each of the conductive patterns 24 may
be substantially rectangular. In one embodiment, the conduc-
tive patterns 24 may be include a conductive material such as
metal and may have a thickness greater than about 18 pm. In
another embodiment, the first through-hole 234 may have a
substantially rectangular shape, when viewed in plain view.

Further, as shown in FIG. 4, some of conductive patterns 24
extending over corner regions of the first through-hole 23a
are supported by a region of the substrate 23 defining two
adjoining edges of the first through-hole 23a. Some of con-
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ductive patterns 24 extending over side regions of the first
through-hole 23a are supported by aregion of the substrate 23
defining one edge of the first through-hole 23a. Accordingly,
only one region of each conductive pattern 24 may be sup-
ported by the substrate 23. In other words, each conductive
pattern 24 is supported by the substrate 23 at one region.
Therefore, a first portion of the plurality of conductive pat-
terns 24 may extend over corner regions of the first through-
hole 234 and a second portion of the plurality of conductive
patterns 24 may extend over side regions of the first through-
hole 23a, which are located between the corner regions.

Also, as shown in FI1G. 4, the semiconductor chip 22 can be
disposed within or inserted in the first through-hole 23a. The
semiconductor chip 22 is coupled to the conductive patterns
24 and an insulator (not shown) can fill a space between the
semiconductor chip and the substrate 23 including the con-
ductive patterns 24. The insulator can be an encapsulant such
as an adhesive, epoxy, resin including poly-amide and so on.

In view of the above, in summary, a method of forming a
package system 200 (also referred to herein as an electronic
system or an IC card) may be exemplarily characterized as a
method that includes providing a substrate 23 comprising an
upper surface and a lower surface opposite the upper surface,
forming a first through-hole 234 within the substrate 23 such
that the first through-hole 234 extends from the upper surface
to the lower surface, forming a conductive pattern 24 on the
upper surface of the substrate 23 such that the conductive
pattern 24 extends over the first through-hole 23a, providing
at least a portion of a first semiconductor chip 22 within the
first through-hole 234, electrically connecting the conductive
pattern 24 to the semiconductor chip 24 with a first conduc-
tive interconnect 21 located within the first through-hole 23a,
providing an insulating material 25 between the conductive
pattern 24 and the first semiconductor chip 22 and coupling
the substrate 23 to package body 26 to form an electronic
system 200, wherein at least a portion of the substrate 23 is
disposed within a recess 26a defined within the package body
26.

Also in view of the above, a package system 200 (also
referred to herein as an electronic system or an IC card) may
be exemplarily characterized as including a semiconductor
package 20 and a package body 26 containing the semicon-
ductor package 20. The semiconductor package 20 may be
exemplarily characterized as including a substrate 23 having
an upper surface, a lower surface opposite the upper surface
and a first through-hole 234 extending from the upper surface
to the lower surface, a conductive pattern 24 on the upper
surface of the substrate and extending over the first through-
hole 23a, a first semiconductor chip 22 facing the conductive
pattern 24 such that at least a portion of the first semiconduc-
tor chip 22 is disposed within the first through-hole 23q and a
first external contact terminal 21 within the first through-hole
23a and electrically connecting the conductive pattern 24 to
the first semiconductor chip 22.

Also, in summary, as exemplarily described above with
respect to FIGS. 3-5, the insulating material 25 creates a
relatively small molding region “B1” relative to bonding
region “A1” because less amount of insulating material 25 is
required to adequately fix the first semiconductor chip 22 to
the substrate 23 than to, for example, the intermediate metal
layer 17 mentioned above with respect to FIG. 2. Accord-
ingly, a relatively large bonding region (adhesion surface)
“A1” can be provided where an adhesive can be applied
between the surface 20q of the semiconductor package 20 and
an opposing surface of the card body 26. As a result, the
semiconductor package 20 may be prevented from separating
from the card body 26. Moreover, a thickness “t” of the
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system package 200 can be reduced as compared to the thick-
ness of the flip chip COB type package system shown in FI1G.
2 due to the absence of the intermediate metal layers 17 and a
portion of the substrate 14 disposed between the conductive
vias 16. Further, the package system 200 shown in FIGS. 3
and 5 can be manufactured at a relatively reduced cost and
complexity.

FIG. 6 is flow chart describing an exemplary method of
manufacturing the package system shown in FIGS. 3-5.

Referring to FIG. 6, an exemplary method of manufactur-
ing the package system 200 shown in FIGS. 3-5 can be gen-
erally characterized as including a first process 610 of form-
ing a semiconductor package 20, a second process 620 of
forming a card body 26 and a third process 630 of inserting
the semiconductor package 20 into the recess 26a of the card
body 26.

In one embodiment, the first method 610 of forming a
semiconductor package 20 may be performed as follows. At
611, the plurality of first external contact terminals 21 are
formed on the first semiconductor chip 22. At 613, a first
through-hole 23a is formed in the substrate 23. At 615, con-
ductive patterns 24 are formed on the substrate 23. In one
embodiment, a portion of the conductive patterns 24 are
exposed through the first through-hole 23. At 617, the first
semiconductor chip 22 is inserted into the first through-hole
23a. At this time, an active surface of the semiconductor chip
22 faces the conductive patterns 24 and is electrically con-
nected thereto through the plurality of first external contact
terminals 21. At 619, an insulating material 25 is formed or
injected between the conductive patterns 24 and the first
semiconductor chip 22 to encapsulate the first semiconductor
chip 22 and the conductive patterns 24. In one embodiment,
the insulating material 25 may be formed during insertion of
the semiconductor package 20 into the recess 26a of the card
body 26. That is, the insulating material 25 may be provided
simultaneously as the semiconductor package 20 is coupled
to the card body 26.

At 620, separately from the above-described processes, a
recess 264 is formed in the card body 26. In one embodiment,
the recess 26a may be formed upon forming the card body 26
(e.g., during a molding process). At 630, the semiconductor
package 20 formed by the above processes is inserted into the
recess 26a to form a package system 200.

In some embodiments, the process 619 and the process 630
can be simultaneously performed while performing an under-
fill process.

FIG. 7 is an exploded perspective view of another embodi-
ment of a semiconductor package incorporated within the
system shown in FIG. 3A.

Referring to FIG. 7, the semiconductor package 20 may be
provided similarly as discussed above with respect to FIGS. 3
and 4. According to the embodiment shown in FIG. 7, how-
ever, the plurality of conductive patterns 24 may be config-
ured differently depending on their location on the upper
surface of the substrate 23. For example, at least one of the
plurality of conductive patterns 24 extending over side
regions of the first through-hole 23a may include a contact
portion 34 and an extension portion 35. The contact portion
34 is supported by a region (e.g., a first region) of the substrate
23 that defines an edge (e.g., a first edge) of the first through-
hole 23a. The extension portion 35 is supported by another
region (e.g., a second region) of the substrate 23 that defines
another edge (e.g., a second edge opposite the first edge) of
the first through-hole 23a. The contact portion 34 is config-
ured to facilitate contact with an external contact terminal 21
and the extension portion 35 is configured to support a distal
end of the contact portion 34. Accordingly, only two regions
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of'each conductive pattern 24 extending over a side region of
the first through-hole 23a may be supported by the substrate
23. In other words, each conductive pattern 24 extending over
a side region of the first through-hole 23« is supported by the
substrate 23 at a first region and at a second region. The first
and second regions are spaced apart from each other. For
example, for each conductive pattern 24 a region of the con-
tact portion 34 is supported by the substrate 23 at a first side
of the first through-hole 234 and a region of the extension
portion 35 is supported by the substrate 23 at a second side of
the first through-hole 23a, opposite the first side.

In one embodiment, the contact portion 34 of one of the
conductive patterns 24 is adjacent to the extension portion 35
of'another of the conductive patterns 24 along the first side (or
second side) of the first through-hole 23a.

In another embodiment, the contact portion 34 supported
by the substrate 23 at the first side of the first through-hole 234
may be the same shape as the contact portion 34 supported by
the substrate 23 at the second side of the first through-hole
23a. Similarly, the extension portion 35 supported by the
substrate 23 at the second side of the first through-hole 23a
may be the same shape as the extension portion 35 supported
by the substrate 23 at the first side of the first through-hole
23a.

In yet another embodiment, contact portions 34 of conduc-
tive patterns 24 extending over side regions of the first
through-hole 234 may be characterized as having a rectangu-
lar shape. Similarly, extension portions 35 of conductive pat-
terns 24 extending over side regions of the first through-hole
23a may be characterized as having a narrow strip shape.

When provided as described above with respect to FIG. 7,
the conductive patterns 24 that extend over side regions of the
first through-hole 234 may experience less deformation (e.g.,
bending, tearing, cutting, etc.) than the conductive patterns 24
as described above with respect to FIG. 4 because both ends
of the conductive patterns 24 can be supported.

FIG. 8 is an exploded perspective view of yet another
embodiment of a semiconductor package incorporated within
the package system shown in FIG. 3A.

Referring to FIG. 8, the semiconductor package 20 may be
provided similarly as discussed above with respect to FIGS. 3
and 4. According to the embodiment shown in FIG. 8, how-
ever, the insulating material 25 may be provided as an insu-
lator frame body 252 formed before the first semiconductor
chip 22 is inserted into the first through-hole 23a. In one
embodiment, the insulator frame body 252 may include an
upper portion 252a and a lower portion 252b. The upper
portion 252a of the insulator frame body 252 may be config-
ured to be inserted into the first through-hole 234. The lower
portion 2524 of the insulator frame body 252 may be config-
ured to be coupled to the lower surface of the substrate 23
(e.g., via adhesive material). In one embodiment, both the
upper portion 252a and the lower portion 2526 may be
respectively attached to the semiconductor chip 22 and the
substrate 23 using an adhesive material, to thereby securely
couple the semiconductor chip 22 to the substrate 23.

A plurality of insulator frame body through-holes 254 may
be defined within the insulator frame body 252 and extend
from an upper surface of the insulator frame body 252 to a
lower surface of the insulator frame body 252. In one embodi-
ment, the plurality of first external contact terminals 21 may
be inserted into the plurality of insulator frame body through-
holes 254. In another embodiment, the plurality of first exter-
nal contact terminals 21 may extend fully through the plural-
ity of insulator frame body through-holes 254 to be coupled to
the conductive patterns 24.
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Thus, as exemplarily described above, the insulating mate-
rial 25 according to one embodiment may be characterized as
an insulator frame body 252 including an insulator frame
body through-hole 254 defined therethrough such that a first
external contact terminal 21 may extend through the insulator
frame body through-hole 254.

In one embodiment, a method of providing the insulating
material 25 may, for example, include forming an insulator
frame body 252, wherein the insulator frame body 252 com-
prises an insulator frame body through-hole 254 defined
therethrough, and disposing the insulator frame body 252
within the first through-hole 23a to be adjacent to the con-
ductive pattern 24 a method of electrically connecting a con-
ductive pattern 24 to the first semiconductor chip 22 may, for
example, include inserting a first external contact terminal 21
through the insulator frame body through-hole 254.

When the plurality of first external contact terminals 21
extend fully through the plurality of insulator frame body
through-holes 254, the first semiconductor chip 22 may, in
one embodiment, contact the lower portion 2525 of the insu-
lator frame body 252. In such an embodiment, the first semi-
conductor chip 22 may be coupled to the lower portion 2525
of'the insulator frame body 252 by, for example, an adhesive.

Constructed as described above, the insulator frame body
252 may help align the plurality of first external contact
terminals 21 with respect to corresponding ones of the plu-
rality of conductive patterns 24 within the first through-hole
23a.

The insulator frame body 252 may be formed of an insu-
lating material such as polyimide, epoxy, resin etc. F1IG. 9A is
an exploded perspective view of still another embodiment of
a semiconductor package incorporated within the package
system shown in FIG. 3A. FIG. 9B is a cross-sectional view of
a portion of the semiconductor package shown in FIG. 9A.

Referring to FIG. 9A, the semiconductor package 20 may
be provided similarly as discussed above with respect to
FIGS. 3 and 4. According to the embodiment shown in FIG.
9A, however, an anisotropic conductive film (ACF) 253 may
be provided as the insulating material 25 of FIGS. 3 and 4 is
provided and formed before the first semiconductor chip 22 is
inserted into the first through-hole 23a. The ACF 253 may
include a plurality of conductive particles 253a disposed
(e.g., suspended) therein. In such an embodiment, the ACF
253 may be provided as a compressible material. When not
compressed, the ACF 253 exhibits electrically insulative
characteristics. However, when compressed a sufficient
amount, the conductive particles 253a are brought into con-
tact so that electrical signals can be transmitted therethrough.

Referring to FIG. 9B, when the first semiconductor chip 22
is inserted into the first through-hole 234, the plurality of first
external contact terminals 21 locally compress regions of the
anisotropic conductive film 253 so that electrical signals can
be transmitted between the plurality of first external contact
terminals 21 and the conductive patterns 24 through the plu-
rality of conductive particles 253a. In one embodiment, the
height of the plurality of first external contact terminals 21
may be about 8-16 um and the thickness of the anisotropic
conductive film 253 may be about 5-20 um greater than the
height of the plurality of first external contact terminals 21.

FIGS.10A-10E are cross-sectional views of some embodi-
ments of semiconductor packages.

As described above, the insulating material 25 may be
provided by injecting an insulating material into a space
defined between the first semiconductor chip 22, the substrate
23 and the conductive patterns 24. During the injection pro-
cess, it is possible that the insulating material 25 may flow
into the space defined between adjacent conductive patterns
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24 or even onto an upper surface of the conductive patterns
24. Accordingly, a barrier member such as 40, 41, 42 or 43 as
described in FIGS. 10A-10E may be provided to prevent the
insulating material 25 from flowing between and onto the
conductive patterns 24 as will be explained in greater detail
below.

In one embodiment, the barrier member may be disposed
before forming the insulating material 25.

In some embodiments, a barrier member may be provided
to extend between pairs of adjacent ones of the plurality of
conductive patterns 24 across at least a portion of the space
defined between the adjacent ones of the plurality of conduc-
tive patterns 24 as shown in, for example, FIG. 10A. Also, in
FIG. 10A, abarrier member 40 such as an insulating film may
be provided on lower surfaces of the adjacent conductive
patterns 24 to span the space defined between the adjacent
conductive patterns 24.

In some embodiments, a barrier member may be disposed
within at least a portion of the space defined between the
adjacent ones of the plurality of conductive patterns 24 as
shown in, for example, FIG. 10B. For example, in FIG. 10B,
a barrier member 41 may be provided in the space defined
between the adjacent conductive patterns 24. As exemplarily
shown in FIG. 10B, the barrier member 41 may be disposed
substantially entirely between upper and lower surfaces of the
conductive patterns 24.

In some embodiments, a barrier member may be located
between the adjacent ones of the plurality of conductive pat-
terns 24 and the first semiconductor chip 22 as shown in, for
example, FIGS. 10C and 10D as will be explained in detail.

Referring to FIG. 10C, a barrier member 42 may be pro-
vided in the space defined between the adjacent conductive
patterns 24 and may partially extend into a space defined
between the conductive patterns 24 and the first semiconduc-
tor chip 22. That is, the barrier member 42 may partially
extend into the first through-hole 23a. With the barrier mem-
ber 42 shown in FIG. 10C, the leakage currents can be
reduced.

Also, referring to FIG. 10D, a barrier member 43 may be
provided in the space defined between the adjacent conduc-
tive patterns 24 and contact the first semiconductor chip 22.
With the barrier member 43, which fully extends to the first
semiconductor chip 22, the leakage currents can be further
reduced.

In one aspect, the barrier members shown in FIGS. 10A-D
may be formed using a screen printing method before the
insulating material 25 is provided between the first semicon-
ductor chip 22, the substrate 23 and the conductive patterns
24.

Referring to FIG. 10E, a barrier member 44 may be pro-
vided on the upper surfaces of the adjacent conductive pat-
terns 24 to span the space defined between the conductive
patterns 24.

In some embodiments, the barrier members 40 to 43 may
include a resin-type material. In another embodiment, the
barrier member 44 may be a tape-type material. Thus, a
method of forming a semiconductor package according to
one embodiment may, for example, include removing barrier
member 44 after forming the insulating material 25.

In one embodiment, the tape-type material may include a
material that is selectively attachable/detachable from the
conductive patterns 24. In one embodiment, the resin-type
material may include a material that can be stiffened (e.g.,
after the insulating material has been injected).

FIG. 11 is a cross-sectional view of one embodiment of a
heterogeneous multi-chip semiconductor package. FIG. 12 is
a cross-sectional view of one embodiment of a homogeneous
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multi-chip semiconductor package. It will be appreciated that
the embodiments discussed above with respect to FIGS.
3-10F are not limited to single chip semiconductor packages
and can readily be applied or extended to various types of
multi-chip packages. For example, and with reference to F1G.
11, the multi-chip semiconductor package 50a may include a
first semiconductor chip 22 connected to conductive patterns
24 via the plurality of first external contact terminals 21 and a
plurality of second chips 571 and 572 (collectively identified
at570) connected to conductive patterns 24 via bonding wires
561 and 562 (collectively identified at 560). The second chip
571 may be coupled to first semiconductor chip 22 by any
suitable means (e.g., via an adhesive material). The second
chip 572 may be coupled to another second chip 571 by any
suitable means. In the illustrated embodiment, the plurality of
first external contact terminals 21 extend through the first
through-hole 23a to electrically connect the first semiconduc-
tor chip 22 with the conductive patterns 24 and the wires 561
extend through through-holes 234 to electrically connect the
second chips 570 with the conductive patterns 24. In one
embodiment, the second chips 570 may be different from the
first semiconductor chip 22. Accordingly, the multi-chip
semiconductor package 50a may be a heterogeneous multi-
chip semiconductor package.

Referring to FIG. 12, a multi-chip semiconductor package
505 may include a first semiconductor chip 22 connected to
conductive patterns 24 via the plurality of first external con-
tact terminals 21 and a second chip 57 connected to conduc-
tive patterns 24 by a conductive through via 59 extending
through the first semiconductor chip 22. In the illustrated
embodiment, external contact terminals 58 electrically con-
nect the second semiconductor chip 57 with the conductive
through via 59. In view of the above, a method of forming the
semiconductor package 506 may be characterized as a
method that includes coupling a second semiconductor chip
57 to the first semiconductor chip 22 and forming a conduc-
tive through via 59 through the first semiconductor chip 22,
wherein the conductive through via 59 electrically connects
the first and second semiconductor chips 22 and 57.

In one embodiment, the first chip 22 and second chip 57
may be identical, may be substantially the same or may be
similar (e.g., based on functionality). Accordingly, the multi-
chip semiconductor package 505 may be a homogeneous
multi-chip semiconductor package.

FIGS. 13A-13E are cross-sectional views of other embodi-
ments of multi-chip semiconductor packages.

Referring to FIG. 13A, a multi-chip semiconductor pack-
age 60a may, for example, include a first semiconductor chip
22 electrically connected to conductive patterns 24 via the
plurality of first external contact terminals 21, a second semi-
conductor chip 575 electrically connected to conductive pat-
terns 24 via wires 563 and a third semiconductor chip 576
coupled to the second semiconductor chip 575 and electri-
cally connected to the active surface 575a of second semi-
conductor chip 575 via external contact terminals 58.

Referring to FIG. 13B, a multi-chip semiconductor pack-
age 605 may, for example, be provided similarly as discussed
with respect to FIG. 13A but may further include an addi-
tional semiconductor chip 577 electrically connected to an
active surface 575a of a second semiconductor chip 575 by a
conductive through via 59 extending through a third semicon-
ductor chip 576. In the illustrated embodiment, external con-
tact terminals 582 electrically connect the additional semi-
conductor chip 577 with the conductive through via 59.

Referring to FIG. 13C, a multi-chip semiconductor pack-
age 60c may, for example, include a first semiconductor chip
22 electrically connected to conductive patterns 24 via the
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plurality of first external contact terminals 21, a second semi-
conductor chip 578 coupled to the first semiconductor chip 22
and a third semiconductor chip 579 electrically connected to
conductive patterns 24 via wires 564. The second semicon-
ductor chip 578 may be electrically connected to the conduc-
tive patterns 24 by a conductive through via 59 extending
through the third semiconductor chip 579. In the illustrated
embodiment, external contact terminals 58 electrically con-
nect the second semiconductor chip 578 with the conductive
through via 59.

Referring to FIG. 13D, a multi-chip semiconductor pack-
age 60d may, for example, be provided similarly as discussed
with respect to FIG. 13C, but may further include an addi-
tional semiconductor chip 580 electrically connected to con-
ductive patterns 24 via wires 565. In the illustrated embodi-
ment, a third semiconductor chip 579 may be electrically
connected to the conductive patterns 24 by a conductive
through via 592 extending through the additional semicon-
ductor chip 580, in which external contact terminals 582
electrically connect the third semiconductor chip 579 with the
conductive through via 592. Also in the illustrated embodi-
ment, a second semiconductor chip 578 may be electrically
connected to the conductive patterns 24 by a conductive
through via 591 extending through the third semiconductor
chip 579, in which external contact terminals 581 electrically
connect the second semiconductor chip 578 with the conduc-
tive through via 591.

Referring to FIG. 13E, a multi-chip semiconductor pack-
age 60e may, for example, include a first semiconductor chip
22 electrically connected to conductive patterns 24 via the
plurality of first external contact terminals 21, a second semi-
conductor chip 573 electrically connected to the conductive
patterns 24 via a conductive through via 511 extending
through first semiconductor chip 22 and a third semiconduc-
tor chip 574 electrically connected to the conductive patterns
24 by a conductive through via 512 extending through second
semiconductor chip 573. In the illustrated embodiment,
external contact terminals 581 electrically connect the second
semiconductor chip 573 with the conductive through via 511
and external contact terminals 582 electrically connect the
third semiconductor chip 574 with the conductive through via
512.

According to the embodiments exemplarily described
above with respect to FIGS. 3A-13FE, a package system can be
provided in which a semiconductor package is substantially
prevented from separating from a card body because the
bonding region “A1” between the card body and the semicon-
ductor package can be significantly increased to ensure
secure connection between the card body and the semicon-
ductor package as illustrated in FIG. 3A. In other words, the
adhesion between the card body and the package can be
increased and, therefore, the card body and the package can
be secured affixed to each other. Consequently, the durability
and the reliability of the package system or IC cards can be
substantially increased.

Moreover, the package system exemplarily described in
the embodiments above can be made to be relatively thin,
inexpensively, and without complication due, at least in part,
to the configuration of the semiconductor package. This is
particularly true as the semiconductor chip can be disposed
within an opening of the substrate, thereby reducing the total
thickness of the electronic system as the thickness of the
semiconductor chip does not add to the total thickness of the
electronic system. As a result, a thinner semiconductor pack-
age and an electronic system such as an IC card can be
obtained according to embodiments of the present invention.
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Also, according to the embodiments exemplarily described
above, processing steps can be reduced compared to the prior
art as the inventive methods require less metal or conductive
layers, thereby substantially reducing the overall manufactur-
ing costs.

It will be appreciated that the package system and semi-
conductor package, provided according to the embodiments
exemplarily described above, can be implemented in con-
junction with devices such as IC cards, memory cards, USB
cards, internal memory packages of media players (e.g., MP3
players), mobile phones, digital cameras, and the like.

Reference throughout this specification to “one embodi-
ment” or “an embodiment” means that a particular feature,
structure, or characteristic described in connection with the
embodiment is included in at least one embodiment of the
present invention. Thus, the appearances of the phrases “in
one embodiment” or “in an embodiment” in various places
throughout this specification are not necessarily all referring
to the same embodiment. Furthermore, the particular fea-
tures, structures, or characteristics may be combined in any
suitable manner in one or more embodiments.

Various operations will be described as multiple discrete
steps performed in a manner that is most helpful in under-
standing the invention. However, the order in which the steps
are described does not imply that the operations are order-
dependent or that the order that steps are performed must be
the order in which the steps are presented.

Further, well-known structures and devices are not shown
in order not to obscure the description of the invention with
unnecessary detail.

While embodiments of the present invention have been
particularly shown and described above, it will be understood
by those of ordinary skill in the art that various changes in
form and details may be made therein without departing from
the spirit and scope of the present invention as defined by the
following claims.

What is claimed is:

1. A semiconductor package, comprising:

a substrate including a first through-hole extending there-
through;

a conductive pattern overlying the substrate and extending
over the first through-hole;

a first semiconductor chip facing the conductive pattern, at
least a portion of the first semiconductor chip being
disposed within the first through-hole;

a first external contact terminal within the first through-
hole and electrically connecting the conductive pattern
to the first semiconductor chip; and

an insulating material between the first semiconductor chip
and the conductive pattern.

2. The semiconductor package of claim 1, wherein the first
external contact terminal comprises a conductive bump, a
conductive ball or a combination thereof disposed on the first
semiconductor chip.

3. The semiconductor package of claim 1, wherein the first
external contact terminal and the conductive pattern form a
unitary structure, the first external contact terminal protrud-
ing from the conductive pattern.

4. The semiconductor package of claim 1, wherein the
substrate comprise an upper surface and a lower surface
opposite thereto, and wherein a bottom surface of the first
external contact terminal is located between the upper surface
and the lower surface of the substrate.

5. The semiconductor package of claim 1, wherein the
insulating material is an insulator frame body, wherein the
insulator frame body comprises an insulator frame body
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through-hole defined therethrough and wherein the first
external contact terminal extends through the insulator frame
body through-hole.

6. The semiconductor package of claim 1, wherein the
insulating material includes an anisotropic conductive film
(ACF).

7. The semiconductor package of claim 1, wherein the
conductive pattern is supported by the substrate at a first
region and a second region spaced apart from the first region.

8. The semiconductor package of claim 7, wherein the
conductive pattern comprises a contact portion supported by
the substrate at the first region and an extension portion sup-
ported by the substrate, the first region and the second region
are opposite to each other.

9. The semiconductor package of claim 8, wherein the
contact portion has a rectangular shape and the extension
portion has a narrow strip shape.

10. The semiconductor package of claim 1, wherein the
conductive pattern comprises:

a plurality of conductive patterns; and

a plurality of first external contact terminals, each of the
plurality of first external contact terminals electrically
connecting the first semiconductor chip to a correspond-
ing one of the plurality of conductive patterns.

11. The semiconductor package of claim 10, wherein a
space is defined between the plurality of conductive patterns,
the semiconductor package further comprising:

a barrier member extending between at least one pair of
adjacent ones of the plurality of conductive patterns
across the space.

12. The semiconductor package of claim 11, wherein the
barrier member is disposed on lower surfaces of the pair of
adjacent ones of the plurality of conductive patterns.

13. The semiconductor package of claim 11, wherein the
barrier member is disposed on upper surfaces of the pair of
adjacent ones of the plurality of conductive patterns.

14. The semiconductor package of claim 11, wherein the
barrier member is disposed within at least a portion of the
space.

15. The semiconductor package of claim 11, wherein the at
least a portion of the barrier member is disposed between the
plurality of conductive patterns and the first semiconductor
chip.
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16. The semiconductor package of claim 11, wherein the
barrier member is removable.

17. The semiconductor package of claim 1, wherein the
first through-hole has a substantially rectangular shape in
plain view.

18. The semiconductor package of claim 1, wherein the
first external contact terminal directly contacts the conductive
pattern.

19. The semiconductor package of claim 1, further com-
prising:

a second semiconductor chip electrically coupled to the

first semiconductor chip.

20. The semiconductor package of claim 19, further com-
prising

a conductive through via extending through the first semi-

conductor chip, wherein the conductive through via

electrically connects the first and second semiconductor
chips.

21. The semiconductor package of claim 19, wherein the
second chip is electrically coupled to the conductive pattern
using a bonding wire.

22. An electronic system, comprising:

a semiconductor package; and

a package body containing the semiconductor package,

wherein the semiconductor package comprises:

a substrate having a first through-hole extending there-
through;

a conductive pattern overlying the substrate and extend-
ing over the first through-hole;

afirst semiconductor chip facing the conductive pattern,
at least a portion of the first semiconductor chip being
disposed within the first through-hole;

a first external contact terminal within the first through-
hole and electrically connecting the conductive pat-
tern to the first semiconductor chip; and

an insulating material between the first semiconductor
chip and the conductive pattern.

23. The electronic system of claim 22, wherein the package
body includes a recess defined therein and wherein the semi-
conductor package is disposed within the recess.

24. The electronic system of claim 22, wherein the package
body comprises an IC card.
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